Tomato (Solanum lycopersicum L.) is one of the most important vegetable plants in the world.Root-knot nematodes (Meloidogyne incognita) causing problems in all growing tomato areas in Egypt. The use of such mineral nutrients is the most environmentally successful method for limiting root-knot nematode damage. In this study seven plant mineral nutrients i.e. calcium sulphate, zinc sulphate, magnesium sulphate, iron sulphate, potassium sulphate N.P. K(20:20:20) and urea (5g/pot each) separately were evaluated comparing with oxamyl on root-knot nematode (1000 second stage juveniles/ pot each) infecting tomato plant cv. Castle Rock under greenhouse conditions (19±3ºC). Calcium sulphate showed the maximum values in improving total plant fresh weight (65.0%), plant length (80.2%), shoot dry weight (97.2%) and number of leaves per plant (24.2%), with the highest reduction percentage in nematode population density that averaged 92.3%, followed by that of urea application (85.5%), respectively. Rates of nematode build-up under the stress of seven mineral nutrients and oxamyl were adversely affected. Such rates ranged between 0.1 to 1.8 vs 4.2 for nematode alone. Namely, calcium sulphate treatment had reasonable lower value of reproduction, (0.3) while, that of zinc sulphate had the highest one (1.8), whereas oxamyl recorded a lowest rate ( 0.1), respectively. Oxamyl as a systemic nematicide ranked second to calcium sulphate in suppressing nematode population density (88.7%), and ranked first in diminishing galls and eggmasses numbers with values of 88.2 and 100.0%, respectively.
Introduction
Root-knot nematodes (Meloidogyne spp.) are very common in all soil types with a wide host range and cause problems in many annual and perennial crops. Tomatoes are among the most seriously affected with these parasitic nematodes causing problems in all growing areas. Root-knot nematode problems increase and control becomes more difficult when tomatoes or other susceptible crops are grown without pre-protection tactic. The use of cultural control method is the most environmentally sustainable and potentially successful method for limiting root-knot nematode damage. Many different types of plant nutrients and fertilizers have been applied to soil to suppress populations of such plant parasitic nematode and improve crop yield and plant health (Shalaby, 2012) . Some soil amendments which contain chitin and inorganic fertilizers that release ammoniacal nitrogen into soil suppress nematode populations directly and enhance the selective growth of microbial antagonists of nematodes. In general, nutrients can directly or indirectly predispose plants to pathogen attack. They can reduce or increase disease severity, affect the environment to attract or deter pathogens and also induce resistance or tolerance in the host plant (Zambolim et al., 2001; Agrios, 2005) .
There are still few studies on the influence of mineral nutrition on diseases caused by nematodes and some of the existing studies do not elucidate the mechanisms by which the nutrients reduce the phytoparasite population (Simone et al., 2013) . Therefore, the objective of the present work was to examine the effect of plant mineral nutrition in comparison with oxamyl on root-knot nematode, M. incognita infecting tomato plant cv. Castle Rock under greenhouse conditions.
Materials And Methods

Preparation of Nematodes Incula:
Second stage juveniles (J2) of Meloidogyne incognita (Kofoid & White) Chitwood were obtained from a pure culture of M. incognita that was initiated by single eggmass and propagated on coleus plants, Coleus blumei in the greenhouse of Nematology Research Unit, Agricultural Zoology Department, Faculty of Agriculture, Mansoura University, Egypt, where this work was carried-out. M. incognita second stage juveniles (j2) inocula prepared by extracting them from soil of infected coleus plants through sieving modified Baermann technique (Goodey,1957), and determined according to the design of the experiment in this investigation.
Nematode Management Test:
In order to study the effect of seven plant mineral nutrients i.e. calcium sulphate, zinc sulphate, magnesium sulphate, iron sulphate, potassium sulphate N.P. K(20:20:20) and urea separately in comparison with oxamyl on root-knot nematode infecting tomato plant cv. Castle Rock (Solanum lycopersicum L)under greenhouse conditions(19±3ºC), forty plastic pots (10 cm-diam.) containing one kg sterilized steam clay loamy soil (1:1, v:v) with one tomato seedlings 30 day-old each were used in this study. One week after tomato seedlings transplanting, 1000 M. incognita juveniles were introduced to thirty six seedlings each and left four seedlings (pots) without nematode to serve as check.. One week later from nematode inoculation, the tested materials were separately added to four seedlings each and mixed with soil, while four seedlings (pots) with nematode only were left without any treatment. Each treatment was replicated four times. Treatments were as follows: Plastic pots were then arranged in a randomized complete block design on a bench of greenhouse at 19±3°C and irrigated with tap water as needed. Plants were harvested after 45 days from nematode inoculation, and plant growth criteria i.e. shoot and root lengths and fresh weights, as well as shoot dry weights were determined and recorded. Number of M. incognita J 2 in 250g. soil/pot were extracted by sieving and modified Baermann-technique (Goodey, 1957), then calculated for each pot, counted by Hawksely counting slide under x10 magnification and recorded. Infected roots of each plant/treatment were washed with tap water, fixed in 4% formalin for 24 hrs and stained in 0.01 lactic acid-fuchsin (Byrd et al., 1983) and then examined for the number of galls, developmental stages, females and egg-masses. The root gall index (RGI) and egg mass index (EI) were estimated according to the scale given by Taylor and Sasser (1978) as follows: 0= no galls or egg-masses, 1= 1-2 galls or egg-masses, 2= 3-10 galls or egg-masses, 3= 11-30 galls or egg-masses, 4= 31-100 galls or egg-masses and 5= more than 100 galls or egg-masses. Statistically, the obtained data were subjected to analysis of variance (ANOVA) (Gomez and Gomez, 1984) followed by Duncan's multiple ranges to compare means (Duncan, 1955) .
Results and Discussion
Data in Table ( 1) reveal the influence of seven plant mineral nutrients i.e. calcium sulphate, zinc sulphate, magnesium sulphate, iron sulphate, potassium sulphate N.P. K(20:20:20) and urea separately in comparison with oxamyl on rootknot nematode infecting tomato plant cv. Castle e Rock under greenhouse conditions. In general all tested materials significantly ameliorated tomato plant growth parameters to great extent. Among the tested plant mineral nutrients, calcium sulphate showed the maximum values in improving total plant fresh weight (65.0%), plant length (80.2%), shoot dry weight (97.2%) and number of leaves per plant (24.2%), followed by N:P: K (20:20:20) with values of 57.3, 61.7, 69.4 and 24.2% for the same plant growth parameters, respectively, whereas, the zinc sulphate gave the minimum values for the same plant growth criteria that averaged 23.3, 27.9, 16.7 and 8.1% respectively comparing to nematode alone. Moreover, the soil fertilizered with urea showed moderately values of ameliorating plant parameters that averaged 52.4, 34.2, 25.0 and 21.0% for total plant fresh weight, plant length, shoot dry weight and number of leaves/plant respectively. However, oxamyl as a systemic nematicide at the recommended dose ranked first with increase values of plant length (85.6%), total plant fresh weight (90.3), shoot dry weight (122.2)and number of leaves/ plant (32.3%), as compared with nematode alone. Meanwhile, plant free of nematode and untreated with any tested materials showed reasonable percentage increase values that averaged 3.2, 3.2, 6.8 and 8.3% for plant length, number of leaves, total plant fresh weight and shoot dry weight, respectively (Table 1 ). Table ( 2) show nematode population densities in soil and root; and number of galls and egg-masses on tomato plant infected with M. incognita as affected by the tested seven mineral nutrients in comparison with oxamyl under greenhouse conditions (19±3 °C). It is evident that nematode criteria were also significantly influenced by all tested treatments comparing to nematode alone.
Data presented in
Plant receiving calcium sulphate accomplished the highest reduction percentage in nematode population density that averaged 92.3%, followed by that of urea application with value of 85.5%. The relative lowest reduction percentage of this nematode criterion was resulted by treatment of zinc sulphate with value of 58.5 % as compared with nematode alone, (Table 2 ). Also, rates of nematode build-up under the stress of seven mineral nutrients and oxamyl were adversely affected. Such rates ranged between 0.1 to 1.8 vs 4.2 for nematode alone. Namely, calcium sulphate treatment had reasonable lower value of reproduction, (0.3) while, that of zinc sulphate had the highest (1.8), whereas oxamyl recorded a lowest rate ( 0.11), respectively, as compared with nematode alone.
Concerning root galling, significant reduction in number of galls on tomato roots were achieved by all tested treatments, comparing to nematode alone since their indices ranged from 1.0 to 2.6 vs 3.0 for the tested materials and oxamyl vs the check (Table 2) .
Among the tested seven mineral nutrients, calcium sulphate treatment significantly diminished final nematode population and number of galls on tomato roots with reduction percentage values of 92.3 and 76.5%, followed by that of urea (85.5 &72.9%) comparing to the check, respectively. Similar trend was noticed in reduction of egg-mass numbers with values of 90.9 and 88.2% for calcium sulphate and urea treatments, since their indices ranged from 1.0 to 2.2 vs 3.0 respectively comparing to the check. It is worthy to note that zinc sulphate achieved the relative lowest reduction of final nematode population (58.8%) whereas, the lowest gall and eggmass reduction percentages were evident when tomato plant received magnesium sulphate, since their values averaged 41.2 and 60.9% accompanied by gall and eggmass indices of 2.6 and 2.2, vs 3.0 for nematode alone, respectively.
Moreover, oxamyl as a systemic nematicide ranked second to calcium sulphate in suppressing nematode parameters with values of 88.7% for nematode population density, and ranked first in diminishing galls and eggmasses numbers with reduction percentage values of 88.2 and 100.0%, respectively, comparing to nematode alone.
Apparently, results of the present investigation indicated that nematode criteria and host growth parameters were both obviously affected by mineral nutrients. Applying such fertilizer can, partially, offset nematode-induced damage by stimulating plant development (Ferraz et al., 2010) . The general rule is that, if a nutrient is essential to a plant species, it should be supplied in balanced proportion to other essential nutrients, since deficiency can aggravate disease, especially in short-cycle crops (Zambolim et al., 2001) . Calcium is an essential element for the integrity of the plant cell's plasmatic membrane, and more specifically ion-transport selectivity (Epstein and Bloom, 2004) . Like other nutrients, calcium must be present in sufficient quantity in the soil, since calcium-deficient plants are more susceptible to nematode attack (Hurchanik et al., 2003) . The calcium content of plant tissues can affect the incidence of diseases in two ways: a) when calcium levels are low, there is an increase in the efflux of compounds of low molecular weight (sugars) from the cytoplast to the apoplast, and b) calcium polygalacturonates are required for the middle lamella to stabilize the cell wall. Calcium plays a critical role in cell division and development, in the structure of the cell wall and in the formation of the middle lamella (Huber, 1991). Many phytopathogenic agents reach the plant tissue by producing extracellular pectolytic enzymes, such as galacturonase, that degrade the middle lamella (McGuire and Kelman, 1986), and the enzyme activity is dramatically inhibited by the presence of calcium (Marschner, 1997) . Application of calcium carbide (CaC2) was effective in reducing the number of galls, egg masses and juveniles of M. incognita in zucchini (Cucurbita pepo var. Melopepo), regardless of the concentration used, increasing crop yield (Mohamed and Youssef, 2009). However, the form in which calcium is most widely used consists of liming, which is directly link to soil pH. Rocha et al. The present findings are in agreement with those reported by Shalaby (2012) in respect to CaCl2 and Mnso4 at the high levels for controlling M. incognita on tomatoes, respectively. Moreover, in certain cases an increase in nematode galls and eggmasses numbers against the levels tested in this study may be occurred that is due to a negative effects of heavy metals such as zinc sulphate on some of their antagonists as reported by Georgieval et al., (2002). In conclusion, proper and good nutritional status of plants could enhance and magnify their defense systems against such nematode pathogens. As a whole, it can be concluded from the obtained results that all tested materials used improved plant growth of tomatoes and suppressed nematode population and development with great degrees. However, more research is needed to be done under field conditions before final recommendations can be made. 
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